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Seed sizeTerminalia bellerica Roxb. (Belleric Myrobalan, Vern. — Baheda, Sanskrit-Vibhitaki, Family: Combretaceae) is
among multipurpose tree species in India. The dried pulp of the seeds being used for the preparation of an
ancient herbal formulation called Triphala (in Hindi). Seed size is considered a useful attribute for the prop-
agation of valuable trees. The effect of seed size on seedling emergence in T. bellericawas studied under nurs-
ery conditions. Emergence of seedlings from large (mean dry weight1.18 ± 0.02 g), medium (0.95 ± 0.03 g)
and small seeds (0.76 ± 0.03 g) varied signiﬁcantly (LSDSin p b 0.05 = 4.12, Sin = 0.52). Higher numbers of
seedlings emerged from the large seeds compared with medium and small seeds. Seed weight also correlated
positively with seedling emergence in T. bellerica (r = 0.967, signiﬁcant α = 0.01, df = 7). Findings of this
study will be useful for mass propagation of T. bellerica and reintroduction of elites in different habitats.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Seed size is a visible evolutionary trait and major contributor to
genetic diversity (Aniszewski et al., 2001). Factors contributing to
early development of inﬂorescences and partitioning of assimilates
at anthesis are associated with the variations in seed size (Warringa
et al., 1998). Provenance-dependent variations in seed size are also
recorded (Ellison, 2001; Dlamini, 2011). Variations in seed size may
be a ﬁtness trait contributing to competition among plants and as well
as a determinant for successful establishment of seedlings (Zhang,
1998). An individual plant may produce fewer large and many small
seeds (Stevenson et al., 2005). Production of small seeds is an advan-
tage, because they will be less vulnerable to predators and thus may
have higher chance of survival (Moles et al., 2003). Also, a high number
of small seeds are useful for dispersal over wide areas. Small seeds
would also result inmore offspring in exposedhabitats and under abun-
dant light conditions (Moles et al., 2004; Stevenson et al., 2005; Soons
et al., 2008). On the other hand, the energy potential of large seeds is
considered to enable them to emerge better inmoist and shadedhabitats
(Stevenson et al., 2005). In many species large seeds are observed to
germinate better compared with medium and small seeds. Also, theiyal).
ure, Uttarakhand University of
tarakhand, India.
vironment and Development,
by Elsevier B.V. All rights reservedseedlings established by large seeds are reported to thrive better
(Murali, 1997; Negi and Todaria, 1997; Khan and Shankar, 2001;
Mwase and Mvula, 2011). Consideration of seed traits may be a useful
aspect for propagation and conservation of valuable plants (Khurana
and Singh, 2001).
Terminalia bellerica Roxb. (Belleric Myrobalan, Vern. — Baheda,
Sanskrit-Vibhitaki, Family: Combretaceae) is used as fodder, fuel wood
and in the variety of herbal medicines. Dried, powdered pulp of
the seeds of T. bellerica, along with dried and powdered pulp of the
fruits of Emblica ofﬁcinalis (Emblic myrobalan; Sanskrit-Amlaki) and
Terminalia chebula (Chebulic myrobalan; Sanskrit-Haritaki) is used for
the preparation of Triphala (Anon, 2003). This ancient Indian herbal for-
mulation is valued for its free-radical scavenging properties (Naik et al.,
2006). The seed oil and kernel of T. bellerica are edible, while extracts of
the pulp possess antimicrobial properties (Elizabeth, 2005; Molla et al.,
2007). Some anti-malarial compounds, e.g. anolignan B termilignan and
thannilignan are also extracted from the seeds of T. bellerica (Saxena
et al., 2003). Seedling establishment of T. bellerica is reported to be
very poor under natural habitat conditions, which possibly may be due
to the inhibitory effect of the fruit pulp on seed germination (Purohit
et al., 2012). Owing to the multipurpose value of T. bellerica, the need
for its adequate regeneration is important (Rathore et al., 2008). Collec-
tion of seeds at the appropriate time, consideration of seed size and
pre-sowing treatments have been found to be useful for improving ger-
mination in some species of Terminalia (Agboola et al., 1993; Amri,
2010). Removal of fruit pulp and consideration of seeds size may
be useful for efﬁcient germination and establishment of seedlings
of T. bellerica. Effect of seed size on seedling emergence in T. bellerica
under nursery conditions is reported in this communication..
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Dark brown, matured (ripened) seeds of T. bellerica were collected
from Bidoli-Karnprayag (1400 m asl in district Chamoli, Uttarakhand,
India) in the ﬁrst week of March 2011. Around 5 kg seed was collected
from reachable lower branches of approximately 15 trees for sorting
and seedling establishment in the nursery. Randomly, and on the basis
of visible characteristics, a total of 270 healthy seeds with adhering
fruit pulp were selected. The seed sample comprised large (90), medium
(90) and, small (90) seeds, which were separated out for experimental
purpose. All the seeds were weighed (digital electronic balance, Mx
7000 series) and the length and diameter (usingMitutoyo digital vernier
calipers) of the seedswere alsomeasured. Pulp fromeach seedwas care-
fully removed. De-pulped seeds were cleaned with running tap water.
After blotting, seeds were air-dried under ambient room conditions for
one week (average temperature 20 °C ± 3.5 °C). Weights, lengths and
diameters of de-pulped and dried large, medium and small seeds were
measured (Table 1).
Air-dried and de-pulped seeds of each category were sown in tripli-
cate (each replicate containing 30 seeds) under nursery conditions (at
Mandal, Chamoli, Uttarakhand 1555 m asl) in black 100 × 152 mm
polybags (containing soil, farmyard manure [FYM], and sand in a ratio
of 3:1:1) at a depth of ~10 mm in the ﬁrst week of April. During
the experiment and observations on seedling establishment (April
to September), average air temperatures at this site were 10.78 °C
(min) and 31.06 °C (max). Relative humidity varied from 22.92% to
99.95% and the rainfall during this period was recorded from 262 mm
to 1999 mm (weather data are based on a weather station installed at
the site). The seeds were regularly monitored in terms of the onset of
germination and number of seedlings established, over a period of
~3 months.
Values obtained for weights, lengths and diameters of all seeds in
each replicate were averaged. The number of days required for onset
of germination, seedling emergence, mean time for the onset of germi-
nation (MGT) and percent seedling emergence in each replicate per
seed-size category were averaged. Standard errors (SE) for the values
obtainedwere calculated usingMS Excel. Data on germination and seed-
ling establishment (%) were transformed through ARCSINE analysis. Sin-
gle factor-analysis of variance (ANOVA) for germination and seedling
establishment in relation to seed size were calculated. Correlation of
seed characteristics, i.e. mean seed weight (dry seeds without pulp)
and total emergence of seedlings (%) was calculated. Mean germination
time was calculated by slightly modifying the formula suggested by
Butola and Badola (2004).
Mean Germination Time MGTð Þ ¼∑ nDð Þ
ΣNTable 1
Seed characteristics and seedling establishment in Terminalia bellerica under nursery condi
Seed size
category
Mean weight SE; ±g
(min.–max.a)
Mean length SE; ±cm
(min.–max.)
Mean diamet
SE; ±cm (mi
SPb SDc SP SD SP
Large 4.47 ± 0.03 1.18 ± 0.02 2.77 ± 0.03 2.12 ± 0.04 1.72 ± 0.02
(4.44–4.50) (1.16–1.20) (2.73–2.79) (2.08–2.15) (1.70–1.73)
Medium 3.34 ± 0.07 0.95 ± 0.03 2.51 ± 0.05 1.90 ± 0.02 1.57 ± 0.02
(3.26–3.39) (0.92–0.97) (2.45–2.54) (1.89–1.92) (1.55–1.59)
Small 2.51 ± 0.03 0.76 ± 0.03 2.41 ± 0.03 1.80 ± 0.01 1.44 ± 0.01
(2.49–2.54) (0.73–0.79) (2.38–2.44) (1.79–1.81) (1.43–1.44)
SE; ±: Standard error. ⁎Signiﬁcant and ⁎⁎correlation between seed weights (SD = de-pulped
a Min.–max.: minimum and maximum values for weight, length and diameter are aver
germination, mean germination time and mean percentage of established seedlings are ave
b SP: seeds with pulp.
c SD: seeds without pulp.Where, n = number of newly germinated seeds after incubation
period in days, D, and ΣN = total number of seeds germinated at
the end of the test.
3. Results
Germination of large seeds (fresh weight 4.47 ± 0.03 g; dry
weight 1.18 ± 0.02 g) was 52.22 ± 1.92%, followed by 36.67 ± 3.34%
for seeds of medium size and 21.11 ± 3.85% for small seeds. Establish-
ment of seedlings from large, medium and small seeds varied sig-
niﬁcantly (LSDSin, p b 0.05 = 4.12, Sin = 0.52). Establishment of
the seedlings from large and medium seeds was recorded before or
within 45 days, while it was recorded on or after 45 days after sow-
ing in small seeds (Table 1). Mean Germination Time (MGT) for the
seedlings from large,mediumand small seedswas comparable (Table 1).
Seed characteristics such as weight, length and diameter were positively
correlated with the total establishment of seedlings (r = 0.967, signiﬁ-
cant at α = 0.01, df = 7, total sample size 270), (Table 1).
4. Discussion
Effect of seed size on germination in T. bellerica was apparent. As
recorded in Table 1, a greater number of seedlings established from
the large seeds followed by medium. Relatively fewer seedlings
were established from small seeds. Signiﬁcant variations were ob-
served among the numbers of seedlings established from large
seeds, compared with the medium and small seeds. Mean seed weight
was positively correlated with the total establishment of seedlings in
T. bellerica under nursery conditions (Table 1). Seed size emerged as a
governing characteristic for germination and seedling establishment
in T. bellerica. Under laboratory conditions, higher germination numbers
have been reported for the large seeds of this species compared with
medium and small seeds (Negi and Todaria, 1997), similar to the trend
currently observed under nursery conditions. However, different species
of Terminalia may exhibit similar, or diverse, germination responses in
relation to seed size and pre-treatments (Agboola et al., 1993; Murali,
1997; Schiotz et al., 2006; Shivanna et al., 2007; Likoswe et al., 2008;
Amri, 2010). In terms of germination and seedling establishment in
T. bellerica, whether it is to be grown as a pioneer or a climax species,
needs to be determined. For introduction as a pioneer species, seedlings
are recommended to be established from large-sized seeds under nurs-
ery conditions, although seedlings may be planted out or re-introduced
in various habitats. In this regard, subsequent studies on survival and
growth of seedlings established from large, medium and small seeds
in differing habitats should be informative.
On the basis of earlier and the present studies, it is concluded that,
higher germination percentages from large seeds is a stable charactertions.
er
n.–max.)
Mean days for onset
of seedling emergence
SE; ±(min.–max.)
Mean germination
time SE; ±days
(min.–max.)
Total seedling
established
SE; ±% (min.–max.)
SD
1.34 ± 0.01 45.00 ± 0.00 55.18 ± 4.83 52.22⁎ ± 1.92
(1.33–1.35) (45.00–45.00) (51.00–60.47) (50.00–53.33)
1.23 ± 0.02 43.00 ± 3.46 53.69 ± 3.57 36.67⁎ ± 3.34
(1.22–1.25) (39.00–45.00) (49.58–56.00) (33.33–40.00)
1.18 ± 0.02 47.67 ± 4.62 57.06 ± 1.36 21.11⁎ ± 3.85
(1.16–1.20) (45.00–53.00) (55.60–58.29) (16.67–23.33)
LSDSin (P b 0.05) = 4.12⁎
(Sin = 0.52)
r = 0.967⁎⁎
seeds) and seedling establishment, signiﬁcant at (α = 0.01, df = 7, sample size 270).
age of the values obtained from 30 seeds in each replicate of each size category and
rages of three replicates in each seed size category.
94 C.P. Kuniyal et al. / South African Journal of Botany 87 (2013) 92–94in T. bellerica. However, fruit pulp adhering to the seeds has been found to
have an inhibitory effect on germination in this species, as Purohit et al.
(2012) reported that only 13.33% of seeds with adherent pulp germi-
nated, having a MGT of approximately 54 days. Therefore, it is also
suggested that, prior to sowing, the seeds should be de-pulped. This
practice will help in overcoming the inhibitory effect of adherent pulp
on seed germination – and consequently on seedling establishment –
and ultimately on the yield of material for medicinal preparations.
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